The Binet formula for Pell sequence is viewed as a function of complex variable. In this paper the study of attracting and repelling fixed points of Pell sequence is presented with the complex dynamics resulting in the escape time images. A study of orbits of the Binet type formula is presented in the paper. Besides this, a new class of Mandelbrot sets is also studied for the Mann-iterates.
INTRODUCTION
The Fibonacci sequence 1 2 3 4 , , , f f f f is determined by the The first two terms of the sequence are equal to one while the subsequent terms are the sum of their two immediate predecessors. It follows as 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, … The Fibonacci sequence is a great source for mathematical conjectures and has many remarkable properties. The Fibonacci sequence possesses various mathematical properties. The Binet formula provides a mechanism for the Fibonacci numbers to be viewed as a function of a complex variable. Various properties of Pell Number sequence has been studied by different researchers, see for instance [5] , [7] and [8] - [10] . In this paper we have studied the complex dynamics of Pell Number Sequence, its fixed points and their attracting or repelling behavior. Further, the behavior of iteration of the function in the complex plane is also studied in the paper. The purpose of the paper is to investigate complex dynamics of Pell sequence. We have also applied Mann-iteration for studying the dynamics of Pell function. Perhaps the Mandelbrot set is the most popular object in the fractal theory and has been the subject of intense research right from its advent. Our study reveals some beautiful escape time fractals images for the modified Fibonacci sequence i.e. Pell sequence. 
Preliminaries

Fixed Points:
The fixed points of So, we noticed that -2, 0, 1 and 2 acted as fixed points for Pell-Fibonacci sequence. We also observe that as the values of F(z) changes from negative to positive between -4 and -3, so there happens to be another fixed point but as definition of F(z) involves exponential with negative base, so we will obtain complex values of F(z) at intermediate values. So, there happens to be many complex fixed points.
On other hand, while we are having comparative study for Pell-Lucas sequence, so, we will apply Formula 2 for finding out values of z and calculated () Lz as follows: Here we notice that there is no existence of any fixed point for Pell-Lucas sequence in real axis. But since the value of changes from negative to positive between -1 and 0, -3 and -2, -5 and -4 and so on, such that there happens to be infinitely many fixed point for this function () Lz on the negative axis but the nature of fixed points is purely complex in nature.
Plotting of the points: (i) Graph of Pell-Fibonacci function Fig 1:
The graph of fixed points of F(z) and z as shown in Table 1 Fig 2: The fixed points of F(z) and z of Table 1 , represented by arrows
The figure above shows that for () F z z , the points -2, 0, 1 and 2 are the zeroes or the fixed points for Pell-Fibonacci function and for this it appears that there are no other real fixed points. We can determine the situation off the real axis by looking a dynamics of () F z z . Fig (7) shows that a plot where -0.91 ≤ Re(z), Im(z) ≤ -1.07. The lowest points are black colored while the higher points represent hues running from red to magenta. Besides this, we observe the large black region in the upper right quadrant and some other black regions around the centre, which suggests that there is the existence of infinitely many fixed points in complex plane.
Derivatives of the function F(z):
The table below shows the derivatives of the function F(z) and its magnitude for the fixed points observed in the Table 1 . We observe that the magnitude of derivative at z = (1, 0) is less than 1, which shows the existence of attracting fixed point, while the magnitude of derivative at z = (-2, 0), (0, 0) and (2, 0) are greater than 1, so they represent the repelling points. The set of points that do not diverge to infinity are the filled Julia sets. When the Julia set is nontrivial, there happens a view that such sets with an escape time shows how quickly points outside the Julia set get large.
(ii) Graph of Pell-Lucas function:
The graph of fixed points of L(z) and z as shown in Table 2 .
In this graph, we observe that none of the fixed points are lying in the real axis. So, the complex dynamics of Pell-Lucas as shown in Figure ( 9) represents no darker or black colored region as the fixed points, although the calculations done in the Table 2 proves the existence of the fixed points but they are hence purely complex or imaginary. Thus, the Pell-Lucas dynamics shows less multicolored regions Here we observe that the value converges to a fixed point after 32 iterations Here we observe that the value escapes to infinity after a few iterations 
Iterations of Pell-Fibonacci function F(z) at different points:
Complex dynamics: (i) Dynamics of Pell-Fibonacci function F(z):
The dynamics of the orbit of F(z) at different points given in the Table 1 
(ii) Dynamics of Pell-Lucas function L(z):
The Pell-Lucas dynamics is studied for different points as given in Table 2 . Here no fixed point is evaluated for the function L(z) . We applied the escape time algorithm mentioned below to function L(z) of Pell-Lucas with N = 100 and M = 4.0 . Fig. 9 here shows the escape time fractal where the red color region corresponds to rapid escape and the other hues, running from magenta to yellow corresponds to slow escape. But, we do not observe the existence of any black colored region in this fractal image and hence no fixed point.
Escape time Algorithm:
It refers to some region in complex plane and typical color is used to indicate the number of iterations before iterate gets large [13] . Escape time algorithm are employed to visualize the dynamics corresponding to the Julia sets and Mandelbrot sets.
The algorithm corresponding to F(z) or L(z), to create the escape time criteria is as follows:
Select a maximum iteration bound N, and a sense of unbounded M.
For all pixels (j, k) corresponding to the points z in a rectangular portion of the complex plane, do the following: The above table of Pell-Fibonacci function for Mann-Iterates shows that as the value of s varies from 0.1 to 1, the number of fixed points increases and their distinctness is observed. We observe more fixed points as we approach closer to 1, while as we move towards 0, we have greater escape region corresponding to fixed point 0. The black colored region grows larger and larger as one approach nearby 0. This is clearly observed after viewing figures 10, 11, 12 and 13 respectively. Thus, Mann-iterates gives us a wide range of escape time fractals of Pell-Fibonacci varying for different values of s.
The escape time algorithm is employed to visualize the dynamics corresponding to the Julia sets and Mandelbrot sets [13] . Here we used the above mentioned algorithm for Pell-Fibonacci function with N = 100 and M = 4.0, for different values of s. 
Conclusion:
In our study, the complex dynamics of Pell-Fibonacci and PellLucas numbers have been investigated using Binet type formula. In Pell-Fibonacci fractal, we find that there are integer fixed points which are associated with a large basin of attraction. Besides these, there are also some additional complex fixed points and the escape time images show that the Pell-Fibonacci numbers possesses a rich complex dynamics. Whereas, a comparative study on Pell-Lucas fractal image shows that there is no existence of any fixed point for Pell-Lucas function. We also applied Mann-iterates to investigate a new dynamics of both functions. Pell-Fibonacci showed its rich dynamics for Manniterates rendering different Mandelbrot images at different values. On the other hand Pell-Lucas function shows a major change in its dynamics by showing the existence of its fixed points at different Mann-iterates values, thereby verifying its richness of complex dynamics. [1] Barnsley M. F., "Fractals Everywhere", New York Academic Press, (1998).
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